SUMMARY The electrocardiogram was recorded for 100 seconds in 50 patients with atrial fibrillation to determine the relations between QT intervals and both the mean and instantaneous ventricular rates. The mean ventricular rate was 94 beats per minute with a mean QT interval of 357 ms. The mean QTc, corrected beat by beat with Bazett's formula, was 444 ms-longer than reported for sinus rhythm. Between subjects, the mean QT interval was linearly related to the mean RR interval, with a slope of + 21%. Within all 50 recordings there was a statistically significant correlation between QT intervals and immediately preceding RR intervals, with an average slope of + 7%. This within subject QT/RR interval slope was greater at faster mean ventricular rates. In atrial fibrillation, as in sinus rhythm, the QT interval is a function ofboth the mean ventricular rate and the instantaneous ventricular rate, with the mean ventricular rate predominating; a simple correction of QT intervals for heart rate is therefore inadequate. Comparison of uncorrected QT intervals with those of earlier published series of people in sinus rhythm, however, suggested that atrial fibrillation is associated with prolongation of the mean QT interval.
The duration of the QT interval of the electrocardiogram is a function of the heart rate; it is positively correlated with preceding RR intervals.
Before a QT interval can be assessed in sinus rhythm, its duration must be adjusted for the mean RR interval or heart rate. For this purpose various formulas have been used that imply a linear relation between the QT interval and the RR interval (Schlamowitz,' Simonson et al 2) , or its square root (Bazett') , cube root (Fridericia4), or logarithm (Ashman5).
It has recently been shown, however, that the duration of the QT interval depends nqt only on the prevailing heart rate but also on the instantaneous interval between beats.6 When the paced heart rate was suddenly increased and then maintained, there was an immediate shortening of the QT interval followed by a further more gradual shortening over several minutes. These observations imply that a simple correction of QT interval for heart rate is inadequate.
Atrial fibrillation is characterised by considerable beat to beat changes ofheart rate, with a wide range of mean heart rates in different subjects. It therefore provides an opportunity to examine the QT interval
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Patients and methods

PATIENTS
We studied 50 patients (19 men and 31 women; aged 31-87 (mean 70)) with established atrial fibrillation. The causes of atrial fibrillation were: idiopathic, 26; ischaemic heart disease, nine; valvar heart disease, six; pulmonary disease, six; and thyrotoxicosis, three. Thirty one patients were taking digoxin; none was taking other drugs known to affect the QT interval.
ELECTROCARDIOGRAM RECORDINGS AND MEASUREMENT
Patients lay down for 15 The slope of the regression line for the relation between QT and RR intervals in atrial fibrillation was not significantly different in men or women, in (fig 3) . Figure 4 shows a plot of QT and RR intervals in a 76 year old woman with a mean ventricular rate of76. In this case the relation is better described as quadratic than linear. In 31 cases a quadratic equation gave a slightly better fit, and the average multiple correlation coefficient for the quadratic equation was 0-45 compared with 0 44 for linear regression. affected by the basic ventricular rate, being depressed at higher heart rates. A change of ventricular rate produces an immediate change in the duration of depolarisation and the QT interval followed by a more gradual change over the next few minutes. 6 In atrial fibrillation each beat may be considered as a depolarising stimulus, occurring a variable time after the preceding beat. The duration of the subsequent QT interval will vary according to the restitution curve at that particular mean ventricular rate. The within subject QT/RR interval relation corresponds to the restitution curve except that, in contrast with the experimental situation and with sinus rhythm, the rhythm of ventricular contraction is irregular. In atrial fibrillation, therefore, both instantaneous and mean ventricular rates would be 000 1200
expected to determine the duration of the QT interval: this is what we showed. The influence of the ct and within mean ventricular rate exceeded that of the instantannts with atrial eous ventricular rate, the slope of the QT/RR interval relation between subjects being 21%, compared with an average of 7% within subjects. An increasing mean ventricular rate altered both the position and the slope of the within subject QT/RR interval relation; it depressed the position and increased the slope. group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from The QT interval in atrialfibrillation 513 correction for heart rate.
In atrial fibrillation the relation between heart rate and QT interval is complex and not readily encompassed by a simple equation such as those proposed for sinus rhythm. It is therefore inappropriate to correct QT intervals with a formula such as Bazett's. When we used Bazett's formula on a beat to beat basis 28 of 50 patients had a mean QTc above the upper limit of normal of 440 ms; whereas a scatter plot of mean uncorrected QT and RR intervals showed only eight definitely abnormal results compared with Lepeschkin's results in 6000 healthy subjects with sinus rhythm8 (fig 1) . Schlamowitz carried out linear regression of QT against RR intervals in 495 people in sinus rhythm.' The correlation coefficient of 0-78 was similar to the between patient correlation in our study of patients with atrial fibrillation. His regression line seems to fit the data of Lepeshkin very well, but is parallel to and below our regression line for patients with atrial fibrillation. The regression line for Simonson et al's data from 960 healthy people has a lower slope and crosses our own at its midpoint. 2 Ahnve described the regression line from 152 patients with ischaemic heart disease on digitalis, and that line too lay below our own. ' We tentatively conclude that in atrial fibrillation uncorrected QT intervals are generally longer than they are at the same ventricular rate in sinus rhythm, but only a few mean QT intervals fall outside the wide range encountered in the largest published series. Comparison with data from patients with ischaemic heart disease suggests that the prolongation of QT intervals in atrial fibrillation may result from the arrhythmia rather than any underlying abnormality. 
